BIOCHEMICAL SOCIETY TRANSACTIONS ethanol. Kinetic measurements on treated enzyme that had been separated from the modifying agent by gel filtration showed that K, values were unaffected and that inactivation was purely a V,,,. phenomenon. Thus chemical modification leads in both of the cases studied to totally inactive enzyme.
When H-labelled lactate is added to suspensions of intact erythrocytes, three types of 'H/,H exchange process maybe discerned: (1) equilibration of the methyl H label with pyruvate methyl H; (2) net loss of label from the methyl H pool to solvent; and (3) loss of H from the C-2 position to solvent. The second and third processes may be monitored separately by spin-echo lH n.m.r. (Brown et al., 1977) .
The first two processes may be separated by analysis of exchange kinetics. The individual exchange processes may be used to obtain kinetic information about specific enzyme systems in intact erythrocytes.
Protein a-NH, groups catalyse the exchange of pyruvate H with solvent water, probably by the formation of transient Schiffs-base links. Haemoglobin, present in high concentrations in erythrocytes (6mhi), causes rapid loss of labelled H from added pyruvate. If lactate is also present, changes in H labelling at the methyl position of this metabolite occur, since the enzyme lactate dehydrogenase communicates the pyruvate methyl H exchange to lactate:
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The kinetics of such a two-step isotope exchange are described by sets of double exponential solutions to the set of differential equations. One such set of solutions for the initial conditions of adding lOmM protonated lactate and lOmM protonated pyruvate to cells in ,H,O buffer is:
where a =f(k, + k, + k, + [ ( k , + k, + k,), -4k,kk,1'). p= k, + k, + k, -a and the k, are defined in eqn. (1) above. Some data illustrating this model are shown in Fig. 1 .
Exchange at the C-2 position of lactate is manifested as an inversion of the methyl resonance in the spin-echo spectrum (at r = 68 ms) as shown in Fig. 2 . The exchange is dependent on the activities of four glycolytic enzymes: aldolase, triose phosphate isomerase, glyceraldehyde phosphate dehydrogenase and lactate The isotope-exchange reaction involving the C-2 position of lactate can be inhibited by iodoacetate and acetamide. The locus of this inhibition is glyceraldehyde phosphate dehydrogenase and is due to the alkylation of its essential thiol group (Harris & Waters, 1976) . If the exchange takes place in the presence of these inhibitors, then a decrease in the velocity of C-2 exchange is observed. At sufficiently high concentrations of inhibitor (50-2000p~) the exchange no longer goes to completion. This behaviour can be assigned to the loss of glyceraldehyde phosphate dehydrogenase activity as the other enzymes involved are insensitive to these reagents (Webb, 1966) .
By using a steady-state treatment of isotope exchange (Oster et al., 1971), it can be shown that:
In the presence of inhibitor concentrations greater than that of glyceraldehyde phosphate dehydrogenase the rate becomes :
where Y is the equilibration velocity for the exchange and a is the pseudo-first-order rate constant for the inactivation of glyceraldehyde phosphate dehydrogenase. Both of these rate laws are found to apply to the exchange and its inhibition. The variation of a with inhibitor concentration is hyperbolic for iodoacetate and linear for iodoacetamide (MacQuarrie & Bernhard, 197 1). Triose phosphates are found to protect the enzyme against inactivation in haemolysates and further investigations are needed to probe the environment of the enzyme in whole cells. It has been observed that the degradation of collagen fibrils in uiuo takes place pericellularly (Tarin, 1976; Dingle, 1979; Woolley et al., 1978) . The cell culture fluid obtained from such cells is well known to contain latent collagenase, which is considered to be an enzymeinhibitor complex (Sellars et al.,  1977) . The cell surface of Ehrlich ascites cells grown in mice (Itzhaki, 1972) has been shown to possess a trypsin-like enzyme (Steven et al., 1980) . This trypsin-like enzyme was inhibited by active-site titrants for trypsin and low-molecular-weight activesite-directed inhibitors of trypsin but not by soya-bean trypsin inhibitor, trasylol, serum or the high-molecular-weight trypsin inhibitor exported from these cells into the extracellular fluid (Steven et al., 1980) . Ehrlich ascites cells have also been shown to contain a granulederived zymogen of collagenase that requires proteolytic cleavage for activation, and this may be carried out with trypsin (Steven & Itzhaki, 1977) . We have been able to demonstrate the role of this cell-surface enzyme in the activation of the zymogen exported from these cells.
Activation of the zymogen of collagenase by
Tropocollagen was prepared from rat tail tendons and reconstituted collagen-fibril gels prepared in sterile Petri dishes, as described by Gross & Kirk (1958) . The collagen in these gels was demonstrated to have no trypsin-like activity associated with the fibrils by employing the very sensitive fluorimetric assay of 8-naphthylamidase activity (MacDonald et al., 1966) . Tumour cells were harvested from mice and washed in iso-osmotic NaCl by centrifugation six times before use, in order to remove traces of trypsin inhibitor associated with the extracellular fluid. The cells were treated in the following manner before placing on the collagen gels in Petri dishes at 37OC: (a) control cells, which had no treatment; (b) cells treated with soya-bean trypsin inhibitor, 20pg/ml; (c) cells treated with 100mM-Tos-Lys-CH2C1* in 2% (w/v) NaHCO, pH 8.0; and (d) cells treated with 4-methylumbelliferyl 4-guanidinobenzoate hydrochloride in 2% (w/v) NaHCO,, pH8.0. After lOmin treatment of the cells at 16OC, the supernatant fluid was removed by centrifugation and the cells were ready for study with respect to their ability to activate the zymogen of collagenase.
Control cells and cells treated with soya-bean trypsin inhibitor exhibited collagenase activity as shown by the appearance of a clear zone of collagen lysis surrounding the cells after 12h (Gross & Lapiire, 1962) . Inclusion of soya-bean inhibitor in the collagen solution before gel formation did not inhibit the export of collagenase away from the site of cell application on the gels. Cells treated with Tos-Lys-CH,CI exhibited no collagenase
